
Enhanced	
  ozone	
   loss	
   by	
   active	
   inorganic	
   bromine	
   chemistry	
   in	
   the	
   tropical	
  

troposphere	
  

	
  
M.	
   Le	
  Breton1,	
  T.	
  Bannan1,	
  D.	
  E.	
   Shallcross2,	
  M.A.H.	
  Khan2,	
  M.J.	
   Evans3,J.	
   Lee3,	
  R.	
  T.	
  

Lidster3,	
   S.	
   J.	
  Andrews3,	
   L.	
   J.	
   Carpenter3,	
   J.	
   Lee3,	
   J.	
  A.	
   Schmidt4,	
  D.	
   J.	
   Jacob4,	
  N.	
  R.	
  P.	
  

Harris5,	
  	
  S.	
  J.	
  Bauguitte6,	
  M.	
  W.	
  Gallagher1,	
  A.	
  Bacak1,	
  K.	
  E.	
  Leather1,	
  C.	
  J.	
  Percival1	
  

	
  
1The	
  Centre	
  for	
  Atmospheric	
  Science,	
  School	
  of	
  Earth,	
  Atmospheric	
  and	
  Environmental	
  

Sciences,	
  University	
  of	
  Manchester,	
  Simon	
  Building,	
  Brunswick	
  Street,	
  Manchester,	
  

M13	
  9PL,	
  UK	
  
2School	
  of	
  Chemistry,	
  University	
  of	
  Bristol,	
  Cantock's	
  Close,	
  Bristol,	
  BS8	
  1TS,	
  UK	
  
3National	
  Centre	
  for	
  Atmospheric	
  Science	
  (NCAS),	
  Department	
  of	
  Chemistry,	
  University	
  

of	
  York,	
  York,	
  YO10	
  5DD,	
  UK	
  
4Harvard	
  University,	
  School	
  of	
  Engineering	
  and	
  Applied	
  Sciences,	
  29	
  Oxford	
  St,	
  

Cambridge,	
  MA02138,	
  USA	
  
5Department	
  of	
  Chemistry,	
  University	
  of	
  Cambridge,	
  Cambridge,	
  UK	
  
5Facility	
  for	
  Airborne	
  Atmospheric	
  Measurements	
  (FAAM),	
  Building	
  125,	
  Cranfield	
  

University,	
  Cranfield,	
  Bedford,	
  MK43	
  0AL,	
  UK	
  

	
  
This	
  study	
  represents	
  the	
  first	
  simultaneous	
  airborne	
  measurements	
  of	
  BrO,	
  BrCl,	
  
Br2	
  and	
  HOBr	
  in	
  the	
  tropics	
  using	
  a	
  chemical	
  ionisation	
  mass	
  spectrometer	
  (CIMS).	
  
The	
  results	
  suggest	
  that	
  inorganic	
  halogen	
  chemistry	
  has	
  a	
  more	
  significant	
  impact	
  
on	
  O3	
  depletion	
  and	
  oxidising	
  capacity	
  of	
  the	
  troposphere	
  than	
  previously	
  thought.	
  
The	
  CIMS	
  instrument	
  was	
  operated	
  on-­‐board	
  the	
  BAe-­‐146	
  FAAM	
  research	
  aircraft	
  
across	
  20	
  flights,	
  as	
  part	
  of	
  the	
  CAST	
  (Coordinated	
  Airborne	
  Studies	
  in	
  the	
  Tropics)	
  
campaign	
  based	
  on	
  Guam,	
  Micronesia	
  and	
  was	
  supported	
  by	
  measurements	
  of	
  O3	
  
and	
  NOx	
  from	
  core	
  instruments	
  and	
  bromocarbons	
  from	
  Whole	
  Air	
  Samples	
  (WAS).	
  
The	
  mean	
  tropospheric	
  BrO	
  concentration	
  over	
  20	
  flights	
  was	
  calculated	
  to	
  be	
  0.69	
  
ppt;	
  a	
  factor	
  of	
  4	
  times	
  greater	
  than	
  that	
  predicted	
  by	
  GEOS-­‐Chem	
  running	
  with	
  a	
  
tropospheric	
  bromine	
  simulation.	
  An	
  underestimation	
  of	
  HOBr,	
  Br2	
  and	
  BrCl	
  in	
  the	
  
model,	
  when	
  compared	
  to	
  the	
  CIMS	
  data,	
  will	
  contribute	
  to	
  this	
  discrepancy,	
  thus	
  
increasing	
  the	
  availability	
  of	
  atomic	
  Br	
  through	
  photolysis,	
  however	
  this	
  does	
  not	
  
compensate	
  for	
  the	
  bias	
  currently	
  observed.	
  The	
  magnitude	
  of	
  this	
  discrepancy	
  and	
  
subsequent	
  effect	
  on	
  O3	
  depletion	
  in	
  the	
  tropics	
  is	
  assessed	
  and	
  possible	
  
mechanisms	
  are	
  proposed.	
  The	
  measurements	
  of	
  these	
  halogenated	
  species	
  are	
  
further	
  used	
  to	
  assess	
  their	
  impact	
  on	
  the	
  HOx	
  budget	
  in	
  the	
  tropics	
  via	
  steady	
  state	
  
estimations.	
  
	
  


